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Abstract: Epoxy resins play a crucial role in providing insulation, support, and protection for the electrification
process in transportation. However, the conventional methods of recycling epoxy resins are quite complex and do
not align with the sustainability goals of green transportation. There is an urgent need to develop environmentally
friendly and recyclable epoxy resins. To address the issues related to the physical, chemical, and electrical proper-
ties of recyclable epoxy resins, this paper introduces a novel photothermal dual-curing method that combines
photosensitive oil-based resin with epoxy resin. This innovative approach leverages the transesterification mecha-
nism to recover the dual-curing epoxy resin under high-temperature and high-pressure conditions without the
need for a catalyst. Remarkably, the recovered resin retains excellent physical, chemical, and electrical properties.

The study demonstrates that the initial properties of the dual-curing epoxy resin are promising. The quality of the
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recovered resin improves with smaller resin particle sizes and higher hot pressing pressures. After undergoing a hot

pressing process at 220°C and 10 MPa for 3 h, the recovered resin exhibits its best comprehensive properties, with

recovery rates of 92.0% for bending strength and 93.7% for tensile strength. Furthermore, the dielectric

constant and dielectric loss at power frequency remain largely unchanged compared to their values before recovery,

with a remarkable breakdown strength recovery rate of 98.4%. This research highlights the significant potential

and application prospects of dual-curing epoxy resin in advancing the electrification of transportation.

Keywords: recyclable; high performance; ester exchange; dual-curing epoxy resin; mechanical properties;

electrical properties
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Fig.1 Preparation and recovery process of dual-curing epoxy resin
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Fig.2 Macro, micro morphology and size distribution of the large (L) (a) and small (S) (b) particles
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Fig.3 Recovery mechanism of dual-curing epoxy resin
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dual-curing epoxy resins after recycling (c)
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Table1 Comparison of the tensile strength
among the different literature
Recyclable polymer Catalyst Tensile strength/ Ref.
MPa

EP Yes 12.0 [16]
60 Yes 10.3 [17]
EC-30 Yes 9.9 (18]
2.5%Zn-PAM/ER Yes 28.0 [19]
M-4 Yes 7.0 [22]
HBE-1/SA No 47.0 [23]
P-VDNET No 41.0 [24]
Dual dynamic vitrimer Yes 1.6 [28]
EPTMP/APDS Yes 2.0 [29]
15 MPa-S particle No 51.0 This article

Notes: EP—Epoxy polymer; 60—60wt% monoepoxide content in
prepolymer; EC-30—30wt% esilica-cross-linked composites;
2.5%Zn-PAM/ER—2.5wt%Zn(OAc), content in poly(acrylonitrile-
co-zinc methacrylate) epoxy polymer; M-4—4mol% catalyst-
loading polymer; HBE-1/SA—Polymer cured by hyperbranched
epoxy and succinic anhydride; P-VDNET—Schiff base cross-
linked networks; EPTMP/APDS—Epoxy polymer cured by 4-
aminophenyl disulfide.
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Fig.7 Sectional morphology of dual-curing epoxy recovery resin
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Fig.9 Dielectric loss of dual-curing epoxy resin

before and after recycling
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Table 2 Comparison of the dielectric loss
among the different literature

Dielectricloss  Dielectric loss
Recyclable polymer R X
before recycling after recycling

HEP-2-2 0.047 - [25]
UV-E-S 0.125 0.9 [30]
PDMS-3 0.05 0.055 [31]
Cé 0.02 - [32]
15 MPa-S particle  0.01 0.015 This article

Notes: HEP-2-2—Molar ratio of hydrogenated bisphenol A epoxy
and amine is 2 : 2; UV-E-S—Photo/thermal dual cured resin with
disulfide bond; PDMS-3—Silicone with dynamic hindered urea
bonds; C6—Six carbons between cross-link junctions.

WA R TR, BT LORLAR [ SOR i Y ol 2 e R R

BOE AR E M /MR &, HE KT Il
B R i ZE s BE X2 BT P FL R 0 4 2 5
AR T ARG, S NFLBR AL &A=, X i Y
i SR JE R K, 7R KSR 15 MPa I L oKL
2 SR i 1 o 2 5 B oA 22.29 kV-mm™', A T
L AT AT ARF i 1 o 2 5 3 K O R A B 72.9% 5 S RiAR
Il s B i o 28 5 B2 1 RS S BORDE RS 5096 K
R AR TE, UL T S kAR [ i 0 o 2 o i
HFUE e M A KIE B $E T+, #F 15 MPa
BF S LA [l A Bl f o 2 5 B AR SR A A P 1 5 Tl
WeHTA EA/NA2ERE, (HERSTS41(30.08 kV-mm™)
B0 F T MR, WK ik F) 98.4%.

99 99
m Before recycling m Before recycling
90 I o 5MPa-L particle 90 I ¢ 5MPa-S particle,
SN 4 10 MPa-L partig SN 4 10 MPa-S partig
g 50 i g 50 | ¥ 15MPa-S partgle
- -
g g
o o
B B 10
200 2|
= 5 E 5t
2 2
© R
£ £
17 1t
0.5 . e 0.5 . : - — —
10 12 14 16 18 20 22 24 2628303234 15 17 19 21 23 25 27 29 31
Breakdown strength/(kV-mm™") Breakdown strength/(kV-mm™)
35 80 35 80
KX Scale parameter X3 Scale parameter
~ 30 | [ Shape parameter _ ~30 ¢ [ Shape parameter 25 ;‘:‘:
E {60 £ 3 R Q| { 60
£25 ¢t = £ 25 % RS X .
S 2 % X XA 2
Z 5 Z K0 X4 < 5
=2 £ =2 K5 R lode! £
$20 1 T oo I oo I 2
E TE R OB OB | BY [{es
15} a, Q KX <X X XX I~
215 | 2 RN oS H S T o 03 2
= S - < R o T oo A B¢ 2
g = g o3 ] K 54 =
S0 | I oS O oo B o B o Z
2 120 2R RSB RS
B 3 %! ] Koo, (R
A 5| a5 L K RS L X
KX XX QY XA
%! ] N3, (<
. . SRS R R,
5 MPa 10 MPa 15 MPa Before recycling 5 MPa 10 MPa 15 MPa Before recycling
(a) L particles breakdown strength of recovered resin (b) S particles breakdown strength of recovered resin
10 RUE BRI SR B 2 3
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